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A medium, sterilizable by autoclaving, was formulated for
growth of animal cells in suspension culture. The mtedium con-
tains peptone, proteose peptone, glutamlne, and cysteine plus
the &&lts and glitcnse described by Nagle for defined media.

W MHethylcellulose is not required. Populations of HeLa, cat
kidney, and L celIs of 41 U- 10P, 20 x le , and 22 x 10 per
ml were obtained after 22, 12, and 14 days of incubation,
respectively. The medium provides a basis for studies lead-
ing to a heat-stable chemically defined medium. In its present
form it is an easily prepared bacteriological-type medium with
many possible applications in monolayer and suspended cell
culture.
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Th- "-idveiv.agco ;i au etwily prepared, autoclavable medium for the
cultivatiov of animal cells are obvious; howevea', few heat-stable media
are available for cell culture. A lactalbumin hydrolyzate-yeast medium
described in Merchant's Handbook of Cell and Organ Culture was unsatis-
factory for our purpose. The deftned medium of Nagle and lactalbumin
hydrolyzate suspensuon medium of Tribble and Hliguchl were not suffi-
ciently heac-stable to permit cell growth. Recently Pumper et at.

777 reported the formulation of a partially heat-stable medium (10 lb for
10 main) consisting of a peptone diaiyzate and medium 199 that was used
for monolayer growth of rabbit heart cells. However, the peptone
dialysate must be prepared and medium 199 is a chemically defined medium
containing over 60 components; this makes the preparation of an t nexpen-
sive and easily prepared meoium impossible.

To prepare the medium described in this report all ingredients were
dissolved together in distilled water and the solution was placed in 8-
or 16-oz prescription bottles, autoclaved at 121 C for 15 min, cooled,
and stored at 5 C. Approximately I ml of sterile 5% sodium bicarbonate
per 25 ml of medium was added. More was required for high cell popula-
tions (2 x 10 to 4 x leI per ml). Bicarbonate had been sterilized by
autoclaving at 121 C for 15 min in sealed 1U6-ml serum bottle" rn mizn!--i*c
loas of (On- f huadxed pg of screptomycin and 100 units of penicillin
per ml were added to some experimental media.

The HeLa, cat kidney (CK), and mouse fibroblast (L) cell lines used
in this laboratory have been described previously. HeLa cells -ereused in medium-development studies.

Growth of suspension cultures in the autoclaved medium was initiated
from cultures that had been growing in the defined medium of Nagle et al.
(without insulin) for more than 3 years. Cultures were incubated at 35 C
in rubber-stoppered l00-ml serum bottles containing 25 ml of medium in a
New Brunswick Gyrotory shaker operating at 122 to 126 rpm. Numbers of
viable cells were determined in the hemocytometer by the trypan blue

i procedure of KcLimans et si.4  Media were changed; wv_,-uly on altsrnaa
f. day-', by certrifuging the serum bottle cultures at 1000 rpm for 5 idn,

decanting the supernatant, and replacing it with fresh medium.

The final medium developed from these studies is shown in Table 1.
Several experiments were performed to determine the necessity for each
ingredient and their approximate optimum concentration. Table 2 shows
the results of an experiment designed to test the possibility of siiapli-
fying the medium by omitting one of the two peptone compouezts. Viability

P, figures obtained after 8 days of incubation showed that it was not feei-
sible to omit either of the pepones even though the remaining peptoneI __



concenurntion wae doJibled. The results of a gaowLh experimnt hti which the
other meditt- compouents were uMit~Ed alngly '-re ehorn in Table 3. hlle
rLwudLioa or absmece of growth is teadily appArernt in most cases. Fuitthtr
experf1iuts have falled to c..fiz- thn indication given in this tahb! thal
glutamine could be _-ittcd. TA1',ti 4 rhoira in tioul03 oi an expertient in
which the concentrations of the medium components were tented at ý and lI½
timne the concanLratLion shown in Table 1. IL can be seen that the conce:•1-
trations can be varied widciy in scmwe cases, though not I others; in
general, the concentrations given in Table ] (control) are quite satisfact.o0y.

TALhE 1. AUTOCLAVABLE MEDIUM FO GROWTH

OF ANIMAL CELLS IN SUSPENSION

Concentration,

Component mg/liter

Bacto Peptone (Difco) 1000

Proteose Peptone (Difco) 1000

NaC I 7400

Kc i 400

Cal 12 21120 265

MgCl 2 61120 275

NaH 2 P04 .H2 0 100

Glucose 1000

Na Pyruvate 110

L-Cynteiue.HC1 75

L-C lutamine 200

Phenol Red 15
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AUjZ 2. EFFEG-1S OF FPMTO¶E AW PAOTEOSE PEPI-N9 ON CH9TRn
OF HiLA CELLS IN ADfOCLAVABLE MEDIUM

S~Viable Co_! a-7

PaptLoie + Proteoae Peptone (Control Hediuu)L/ 8.8

Peptone 1.7

Peptone (2X concentration) <I

Protaose Peptone 4.0

Proteose Peptone (2X concentration) 2.7

a. After 8 days of incubation. O-hr population was 2.2 x IC
per ml.

b. eeptones uaed at concentrations given In Table 1.

TABLE 3. EFFECTS OF OMISSION OF SINGLE MEDIUM COMPONENTS
OF AUTOCLAVABLE MEDIUM ON GRWTH OF 0IEHA CELLS

Viable Celle.
Mejium Camwnent vzr-ztirat IP per mlal

Control Medium (As Table 1) 13.7
FControl Medium minus

N&aC1 <1

SKel 9.8

CaC12"2H20 5.4

gC 12 •6H 2 0 8.6

NaH2 PP4 •H2 0 7.4

G 1"ose <1

Na Pyruvate 8.6

L-CyasLeneueHl <1

L-Glutardne 13.1

Sa. After 8 days of incubation. 0-hr population wasI 3.7 x UP per ml.
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TABLE 4. EFFECTS OF VAMLATLON IN COWF.lTRATION OF SIn.LE 4ýD1UR
4F{~FT O 0 AtTO=lVADIZ U~EDIUHi VW. GVi~-IH OF' Hk3A UELLS

rCr-m-utratian, V14ibl~ el A
Medium Co'mponeet Varastiou •/lter per MIa-

Control Medium (An Table 1) 7.4

Bacto Peptone 500 6.4
1,500 6.7

Proteose Peptons 500 4.7
1,500 4.7

Na.C 1 3,700 <1
11,100 <1

KCI 200 4.3
600 6.8

Cabl 2 2112 0 132 3.6
- " 397 7.3

MC12'.61120 137 8,4
412 6.7

Na 2 PO4• 20 50 6.3
150 5..?

Glucose 500 4.0
1,500 6.5

SNa Pyruvate 55 5.0
165 7.1

L-Cyateinee, C1 37 4.3
112 3.2

L-G lutamine 100 5.7
300 3.5

a. After 8 days of incubation. 0-hr population was 2.4 x UP
per ml.
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EGrowth curv1, o4 IeLa, L, ard CK c"l11 In the Autoctlaved -wdium areahbuu Ln FLiure 1. iemdit w•ce change4 da•l y ftyr tLhar, raasc. )4jyields vere obtLiue4d aiter 22, 14, and 12 daye, of incubation for HoLa,L, and CK celis, rshpecrivelv. .rtuwth of t'-e.e ce'Al in the autocIavedmedium is generally Cozisrahne to that _oi btai••, I" t, h.;h•-caily de efhedrn=JLuM. HtEever, UK and L cells usually give highlez masimm cell countoand HeLa cello gtte lmer w&iimu- cell cou '.a in the defined medium.This growth phenomenon it reversed in the autoclaved modium probablybecause HALa cells were used in the development of the autoclaved medium,whereas CK cells were used in the defined medium studies.
The autoclaved medium described ii this report 's an easily preparedbacteriological-typt medium and should have many alA lications in monolayerand suspended call culture, Preliminary studies have indicated that, inaddition to its use in suspension cell culture, the medium when supplementedwith 5% fetal bovine serum cllows the growth 01 epithelioid and fibroblasticcells as well as diploid call atrains in monolayer culture. In addition,the medium should p ovide a basis f.or studies leading to a heat-stable) chemically defined medium.
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Figure G.rowth Of bOU, CK, Sad L Cells in Autoclgvjib1. medium.
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U11. ASSTMAT

A medfiim, !!citrtl by auroclaving, was formwilated for growth of animal
cells in suspension culture. The medium contains peptane, proteose poptone,
glutamine, anid cysteine plus the salts and glucose described by Nagie for defined
"mdia. Methyiceliuloso in not required. Populations of HeLa, cat kidney, and
L cells of 41 x 0~, 20 x UP, and 22 x lCP per wl were obtained after 22, 12,
and [4 days of incubation, respectively. The medium provides a basit, for studies
leading to a heat-stable chemically defined medium, In its present form it is
ar easily prepared bacteriolcogic&.1-type bwdium with mauy posaible applicaticaoe

in monolajer and suspended call culture.
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